Intrathyroidal dendritic cells (DC) isolated at the same time and then cultured with thyrocytes in the presence of thyrotropin (TSH) keep a phenotype of immature DC (Croizet et al, 2000) . As DC from other sources are known to undergo a rapid maturation in vitro, we hypothesized that the maintenance of thyroid-derived DC in an immature state might be caused by thyrocytes-DC interactions. In this study, we investigated whether thyroid-derived DC could change their phenotype in response to TSH stimulation of thyrocytes.Over an 8-day period of culture, the population of DC increased 2-to 3-fold in the presence of TSH and decreased by more than 75% in the absence of TSH. The increase in the DC population was related to DC proliferation, whereas the reduction of the number of DC was secondary to a loss of cell-substrate adhesion and subsequent cell death. In the presence of TSH, DC acquired and maintained a high capacity for internalizing labeled ligands, expressed the mannose receptor, and exposed MHC class II molecules at the cell surface. On the contrary, DC cultured without TSH were devoid of endocytic activity and mannose receptor and, after 2 days, no longer exposed MHC class II molecules at the cell surface. Using conditioned media and enriched DC populations, we show that thyrocytes, in response to TSH, produce soluble factors capable of activating proliferation and endocytic activity of DC. Exogenous granulocyte/macrophage-colony stimulating factor and transforming growth factor-␤, known to be produced by thyrocytes, reproduced the effects of conditioned media.These data, giving evidence of a hormone-regulated signaling process between epithelial and dendritic cells in vitro, suggest that thyrocytes could promote the maintenance of a population of immature DC within the thyroid gland. (Lab Invest 2001, 81:1601-1613.
D
endritic cells (DC) are professional antigenpresenting cells. Scattered all over the body in lymphoid as well as in nonlymphoid organs, DC are specialized to initiate primary immune responses and are involved in various physiological and pathological processes including autoimmune diseases. To fully perform their functions, DC need to be present in various differentiation states. In peripheral tissues, DC are immature and equipped to internalize and process large amounts of antigens, whereas in lymphoid organs, where they migrate, DC are mature and specialized for T cell stimulation (Banchereau et al, 2000; Banchereau and Steinman, 1998; Hart, 1997; Steinman, 1991) . Information on DC mostly arises from DC generated from bone marrow or blood cell precursors (Caux et al, 1992; Inaba et al, 1992; Sallusto and Lanzavecchia, 1994) . DC from nonlymphoid organs are difficult to isolate, because they represent a very small cell population. Only DC from skin and lung tissues have been successfully isolated and subjected to detailed in vitro analyses (Cochand et al, 1999; Heufler et al, 1988; Koch et al, 1990; Masten and Lipscomb, 1999; Ortner et al, 1996) . We recently reported a procedure for the isolation of DC from another nonlymphoid organ, the thyroid gland, which is particularly subjected to autoimmune processes (Croizet et al, 2000) . Intrathyroidal DC, isolated simultaneously with thyrocytes from pig thyroid gland, accounted for 2% to 3% of the total cell population. Thyroid-derived DC, maintained in culture with thyrocytes in the presence of thyrotropin (TSH), kept a phenotype of immature DC. Only a small proportion of cells showed signs of conversion from immature to mature DC. As DC from other sources, especially DC from skin, rapidly undergo maturation in vitro, we suspected that the maintenance of the immature phenotype of thyroid-derived DC might be linked to the presence and/or to the activation state of thyrocytes. Here we report that, depending on the presence or the absence of TSH, thyroid-derived DC cocultured with thyrocytes undergo marked phenotypic changes. The TSH-induced effects are mediated by soluble factors produced by thyrocytes that regulate survival and/or proliferation and a differentiated activity of DC, ie, mannose receptor-mediated endocytosis. These data uncover a signaling pathway from thyrocytes to DC that might be of importance for the local control of immune functions of intrathyroidal DC.
Results

Identification and Quantification of Dendritic Cells (DC) in Coculture with Thyrocytes
Thyroid-derived DC, ie, DC isolated together with thyrocytes from pig thyroid tissue, accounted, on average, for 2% to 3% of the total cell population. When cocultured with thyrocytes in the presence of TSH, which promotes de novo formation of tissuespecific structures, namely thyroid follicles (Fig. 1A) , DC spread on the culture substratum in between follicles. DC were recognizable under phase contrast optics on the basis of their morphology; part of them were round and exhibited membrane ruffles with spikes, the others were elongated and characterized by large lamellipodiae and sometimes long cytoplasmic projections resembling dendrites. These two main cell types can be visualized in Figure 1A (a and c). That these cells actually corresponded to DC was demonstrated by endocytosis of a fluorescein-labeled Dextran (F-Dx) and by immunodetection of specific markers. Panels b and d of Figure 1A show that cells of either morphotype were endowed with a high capacity to internalize the fluorescent ligand, F-Dx, and highly expressed MHC class II molecules. We previously reported (Croizet et al, 2000) that these cells were, in addition, S100-positive (a specific marker of DC) and expressed the mannose receptor.
When DC/thyrocytes were cocultured in the absence of TSH, thyrocytes formed a confluent monolayer, and, consequently, DC were not easily detectable under phase contrast optics; their identification required immunolabelings. Panels e and f of Figure 1A illustrate the position of a DC (MHC class II-positive cell) within the cell layer. Attempts to identify DC in cocultures carried out in the absence of TSH, on the basis of their endocytic activity, were unsuccessful. Thus, it was decided to perform a comparative analysis of the properties of thyroid-derived DC cultured with or without TSH. Results reported in Figure 1B give the properties of DC after 4 days of culture. In cocultures carried out in the presence of TSH, the number of cells expressing MHC class II molecules, the S100 protein, or the mannose receptor and the number of cells internalizing F-Dx were not statistically different, as was expected from our previous findings (Croizet et al, 2000) . On the contrary, when cocultures were performed in the absence of TSH, there was a decrease in the number of cells positive for either MHC class II or S100 and a large reduction (80% to 90%) of the number of cells internalizing F-Dx or expressing the mannose receptor. These observations, suggesting alterations of DC number and functions, prompted us to perform a detailed analysis of how DC could change their phenotype in response to TSH stimulation of thyrocytes. Detection and quantitative analyses of dendritic cells (DC) cocultured with thyrocytes in the absence or in the presence of thyrotropin (TSH). Freshly isolated cells (DC and thyrocytes in a 1-to-50 ratio) were cultured with or without 1 mU/ml TSH for 4 days. Cells were then incubated with fluoresceinlabeled Dextran (F-Dx) for 3 hours at 37°C and then fixed, permeabilized, and subjected to indirect immunofluorescence labeling with monoclonal antibodies directed against either the mannose receptor, MHC Class II molecules, or S100␤ protein. Immune complexes were detected using goat anti-mouse IgG conjugated to Texas Red. A (a and b), Identification of DC cocultured with thyrocytes in the presence of TSH as cells with a high capacity for internalizing F-Dx. a and b, The phase contrast and fluorescence images of the same field. 
In the Presence of TSH-Activated Thyrocytes, DC Remain Adherent to the Culture Substratum and Proliferate
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8-day period of coculture with thyrocytes in the presence of or in the absence of TSH. In the presence of TSH, the number of DC remained rather constant for 4 days then increased about 2-fold. In the absence of TSH, the number of DC continuously decreased from Day 1 to Day 7 or 8 to reach a value corresponding to 25% of the initial cell number. It is noteworthy that DC identified after 6 to 8 days of culture, in the absence of TSH, were predominantly large cells with cytoplasmic extensions resembling dendrites. During the same period of time, the total cell population (given by the number of Hoechst-labeled nuclei), in which thyrocytes represented 97% or more, remained constant in the presence of TSH and significantly increased (1.5-fold) in the absence of TSH (Fig. 2B) .
The increase in the DC population in TSH-treated cocultures was due to an activation of DC multiplication (Fig. 3) . At Day 4, a 6 hour-incubation with bromodeoxyuridine (BrdU) led to the nuclear labeling of about 30% of DC and only 0.2% of thyrocytes. Thus, the proliferation index of DC was more than 100-fold higher than that of thyrocytes. DC that entered the S phase of the cell cycle could be unequivocally identified (Fig. 3C ) because of their peculiar morphology and their location between reconstituted follicles. We previously reported (Croizet et al, 2000) that, under similar conditions (coculture with TSH), a small proportion of DC detached from the culture dish. We examined whether the reduction of the DC population observed in the absence of TSH could be related to an augmentation of cell detachment. Results presented in Figure 4A show that DC, collected in the medium after 4 days of culture in the presence of TSH, accounted for less than 13% of total DC. When the culture was carried out in the absence of TSH, the total number of DC in the culture dishes was decreased, and floating DC represented almost 40% of the remaining cell population. Morphological examinations of floating MHC class II-positive cells revealed that a number of them had a fragmented nucleus (Fig.  4B ), a definite feature of cells undergoing apoptosis. We roughly estimated that DC showing signs of apoptosis could represent up to one fourth of DC present in the culture medium at a given time.
In the Presence of TSH-Activated Thyrocytes, DC Express the Mannose Receptor and Exhibit a High Endocytic Activity
In a previous study (Croizet et al, 2000) , we found that DC, which were mannose receptor-positive within the intact thyroid tissue transformed into mannose receptor-negative cells after cell dispersion, when analyzed by either immunofluorescence labeling or western blot. This was the result of the proteolytic cleavage of the extracellular domain of the receptor by trypsin used for cell isolation. Indeed, the mannose receptor is particularly susceptible to proteolytic cleavage. A natural process of shedding, which leads to the generation of a soluble form of the receptor, has been well documented (Jordens et al, 1999; MartinezPomares et al, 1998) . Thyroid-derived DC, cocultured with thyrocytes in the presence of TSH, re-expressed the mannose receptor as a 175 kDa protein. De novo synthesized receptors were hardly detectable before two days of culture. From Day 2, the mannose receptor cell content continuously increased (Insert of Fig.  5A ). Mannose receptor-positive cells were detected by indirect immunofluorescence two days after the culture outset and, at Day 4, all DC (MHC class II-positive cells) were mannose receptor-positive. When DC were cultured in the absence of TSH, the mannose receptor was never detected by western blot (Insert of Fig. 5B ) and only a few cells exhibited a low labeling by indirect immunofluorescence (result not shown). DC, devoid of endocytic activity before culture, gradually acquired the capacity for internalizing F-Dx when the coculture was performed in the presence of TSH (Fig. 5A) Gradual changes of the DC population over an 8-day period of coculture with thyrocytes in the presence or in the absence of TSH. Freshly isolated cells, seeded at a density of 0.5ϫ10 6 cells/cm 2 , were cultured for up to 8 days in Ham's F12 medium with (A) or without (B) 1 mU/ml TSH. At the indicated times, cells were fixed and subjected to indirect immunofluorescence labeling using the anti-MHC class II monoclonal antibody. Immune complexes were detected with goat anti-mouse IgG conjugated to Texas Red and nuclei were labeled using the Hoechst 33342 reagent. MHC class II-positive cells and Hoechst-labeled nuclei were counted on 10 microscope fields per dish. The resulting values were used to calculate the number of MHC class II-positive cells or DC per mm 2 (closed circles) and the total number of cells per mm 6, A and C). The capacity of endocytosis of DC probably increased between Day 4 and Day 8, because there was a marked increase in the mannose receptor expression level. However, this was not verified experimentally, because the procedure used to assess endocytosis, internalization of a fluorescent ligand, did not allow one to make quantitative measurements of the endocytic activity of the DC population. On the contrary, when DC/thyrocyte cocultures were performed in the absence of TSH, DC remained without any detectable endocytic activity (Figs. 5B and 6, C and D) throughout the 8-day period of culture.
In the Presence of TSH-Activated Thyrocytes, DC Expose MHC Class II Molecules at the Cell Surface
MHC class II molecules are subject to bidirectional transport between intracellular compartments and the cell surface of DC (Cella et al, 1997; Pierre et al, 1997) . According to the activation or functional state of DC, MHC class II molecules are predominantly or exclusively present in intracellular compartments or also exposed at the cell surface. We analyzed whether thyroid-derived DC exhibited changes in the subcellular distribution of MHC class II molecules according to the culture conditions. In order to detect DC exposing MHC class II molecules at the cell surface, immunofluorescence labeling was performed without pretreatment by a detergent for membrane permeabilization. Qualitative and quantitative data are presented in Figures Evidence for a proliferation of DC cocultured with thyrocytes in the presence of TSH. After 4 days of culture, cells were washed and further cultured for 6 hours in serum-free RPMI medium containing 1 mU/ml TSH and 3 g/ml bromodeoxyuridine (BrdU). At the end of the incubation period, cells were fixed and immunolabeled using either the anti-BrdU monoclonal antibody or the anti-MHC class II monoclonal antibody. BrdU-labeled cells, MHC class II-positive cells, and Hoechst-labeled nuclei were counted in 20 microscope fields. BrdU-labeled cells observed under phase contrast optics were classified as thyroid cells or DC according to their morphological characteristics. Values were used to calculate the number of labeled cells (ie, thyrocytes), BrdU-labeled thyrocytes, DC, and BrdU-labeled DC per mm in the presence of TSH (Fig. 7A ). The observed ratios between the number of labeled DC without permeabilization and the number of labeled DC with permeabilization were, most of the time, slightly higher but not statistically different from 100%. This was probably due to the loss (detachment) of some DC at the detergenttreatment step. Unexpectedly, when DC were cultured in the absence of TSH, the MHC class II distribution was rapidly altered. After 2 days, the proportion of DC exhibiting MHC class II molecules at the cell surface was close to or equal to zero (Fig. 7B) . The immunofluorescence images of Figure 8 show the MHC class II labeling of freshly isolated DC (panel A) and DC cultured for 4 days with TSH (panel B), with and without detergent treatment. There was a complete lack of MHC class II at the cell surface of DC (immunolabeling without detergent treatment) when cells were cultured for 4 days in the absence of TSH (panel C).
In Response to TSH, Thyrocytes Produce Soluble Factors Regulating the Number of and Endocytic Activity of DC
The data mentioned above show that addition of TSH to DC/thyrocyte cocultures altered DC properties. To determine whether TSH was acting directly on DC (through potential TSH receptors) (Bagriacik and Klein, 2000) , or indirectly through soluble factors produced by thyrocytes, we prepared enriched populations of thyroid-derived DC. The approach used was based on microscope observations suggesting that DC could be more adherent to the culture substratum than thyrocytes engaged in the formation of follicle structures. Thus, we used a mild treatment by a trypsin-EDTA solution to try to obtain a preferential elimination of thyrocytes from the DC/thyrocyte cocultures. The results of two experiments are reported in Table 1 . It can be seen that the trypsin-EDTA treatment led to the removal of more than 99% of cells, but the remaining adherent cell populations were composed of 15% to 30% of DC. The 60 mm culture dish contained a sufficient number of DC to perform quantitative studies and an extremely low number of thyrocytes. These enriched-DC preparations were used to investigate whether TSH could directly activate DC and whether conditioned media (ie, culture medium supernatants deriving from DC/thyrocyte cocultures) contained active factors capable of increasing the number and endocytic activity of DC. Enriched DC preparations were cultured for 3 days in either fresh standard medium, in the absence of or in the presence of TSH, or conditioned medium deriving from DC/thyrocytes cocultured for 24 or 72 hours with TSH or 72 hours without TSH. Results of a representative experiment out of three are summarized in Figure 9 . Culture in standard medium, irrespective of the presence or absence of TSH, led to a 60% to 70% decrease in the DC population. This result shows that TSH did not directly activate DC. On the contrary, conditioned media resulting from 72 hours of coculture of DC and thyrocytes with TSH induced a 2-to 3-fold increase in the number of MHC class II-positive cells and the number of F-Dx-labeled cells. Conditioned media resulting from 24 hours of DC/thyrocyte coculture with TSH exerted a weak but significant effect. The absence of effect of the conditioned media resulting from 72 hours of coculture without TSH show the specificity of the observed effects with the conditioned media endowed with a regulatory activity. Irrespective of the experimental conditions and the changes in the number of DC, the residual thyrocyte population was multiplied by two to three. This result was expected, because pig thyrocytes at a low or very low cell density, as was the case here, are able to go through two to three cell cycles (unpublished data). These data show that conditioned media contained soluble factors endowed with regulatory activities on DC, ie, activation of proliferation and endocytic activity.
Three growth factors or cytokines were tested for their ability to reproduce the effects of conditioned media. DC/thyrocytes were cocultured for 1 day in complete medium to allow cell attachment to the substratum and further cultured for 3 days in serumfree medium with or without either TSH (positive control) or granulocyte/macrophage-colony stimulating factor (GM-CSF) or transforming growth factor-␤1 (TGF␤1) or vascular endothelial growth factor (VEGF). Results are reported in Figure 10 . GM-CSF and TGF␤1, at concentrations eliciting maximal responses on different in vitro cell systems, were as efficient as TSH to increase the number and the endocytic activity of MHC class II-positive cells. By contrast, VEGF was devoid of any activity.
Discussion
We report that TSH, the main regulatory signal for thyroid cell growth and differentiation (Dumont et al, 1992) , exerts a control on the fate and functional state of thyroid-derived DC cocultured with thyrocytes (in a proportion reflecting the in situ DC/thyrocytes ratio). Croizet et al TSH appears to be required for the survival of DC, to induce DC multiplication, and to promote a differentiated function of DC (ie, endocytosis). The regulatory actions of TSH on thyroid-derived DC require the presence of thyrocytes. Indeed, thyrocyte-depleted, enriched populations of DC were no longer capable of responding to TSH. The fact that conditioned media from TSH-treated thyrocytes reproduced the effects of TSH on DC/thyrocytes cocultures gives evidence for an indirect communication process related to the production, by TSH-activated thyrocytes, of soluble factors acting on DC and modulating their proliferation and functional activity. In light of the recent report showing that DC prepared from spleen and lymph nodes express TSH receptors (Bagriacik and Klein, 2000) , one might consider that the response of thyroid-derived DC, either cocultured with TSHtreated thyrocytes or cultured with conditioned media from TSH-treated thyrocytes, could bring into play TSH receptors expressed by DC. DC alone would not express TSH receptors, but soluble factors produced by TSH-activated thyrocytes could trigger the expression of TSH receptors by DC and, thus, allow their response to TSH. In this hypothesis, the phenotypic changes of DC would depend on TSH receptor expression and, thus, TSH actions on both thyrocytes and DC. Checking this hypothesis seems extremely difficult, because it would require the obtention of DC populations free from thyrocytes to analyze their actual capacity for expressing TSH receptors.
Signaling from epithelial cells to DC has already been described in vitro with skin-and lung-derived cells. It is well established that keratinocytes in coculture with epidermal DC or Langerhans cells produce factors that condition the survival and activity of DC (Heufler et al, 1988) . Similarly, alveolar epithelial cells in coculture with pulmonary DC modify the functional activity of DC (Christensen et al, 1995) . In addition, our data show that thyroid epithelial cells/DC interactions can be regulated by TSH, a hormone that controls epithelial cell functions. If the factors involved in previously described epithelial cells/DC interactions had not been fully identified, the recent intense research on DC has provided a rather long list of candidate signaling molecules that regulate all the different aspects of the life and function of DC. From literature data, we looked for cytokines or growth factors, acting as regulators of DC survival and/or multiplication and/or maturation, that are produced by thyrocytes. Three factors emerged: GM-CSF, TGF␤, and VEGF.
GM-CSF is a determining factor for the in vitro survival and development of epidermal DC and is widely used to generate DC from blood or bone marrow progenitor cells (Heufler et al, 1988; Inaba et al, 1992; Sallusto and Lanzavecchia, 1994) . It has been reported that GM-CSF is produced by human thyroid cell lines (Aust et al, 1996) and by normal human thyrocytes and thyrocytes from patients with Graves' disease (Kasai et al, 1997) .
TGF␤ exerts broad effects on DC; it is particularly capable of inhibiting maturation of both epidermal (Yamaguchi et al, 1997) and bone marrow-derived DC (Strobl and Knapp, 1999; Yamaguchi, 1998) and protects DC from apoptosis (Riedl et al, 1997) . Thyrocytes from different species produce high amounts of TGF␤ in response to TSH (Contempre et al, 1996; Kolaja and Klaassen, 1998; Morosini et al, 1996; Pekary et al, 1995; Roger, 1996) . VEGF, unlike GM-CSF and TGF␤, has been shown to inhibit the development of DC from hematopoietic progenitors (Gabrilovich et al, 1996 (Gabrilovich et al, , 1998 (Gabrilovich et al, , 1999 . VEGF is secreted by normal and tumoral thyrocytes and its production is stimulated by TSH (Sato et al, 1995; Soh et al, 1996; Viglietto et al, 1997; Wang et al, 1998) .
When added to DC/thyrocytes cocultures, GM-CSF and TGF␤ reproduced the effects of conditioned media but, as expected from its known actions on DC, VEGF did not promote any increase in thyroid-derived DC number or function. Thus GM-CSF and TGF␤ seem, by themselves, fully capable of mediating the communication from thyrocytes to DC in response to TSH. Because of the lack of validated reagents in the porcine species, we were not able to assay these cytokines in culture media. If produced in low amounts as compared with those required to obtain the full response, GM-CSF, TGF␤, (and possibly other factors) might exert conjugated actions accounting for the thyrocyte-mediated, TSH-induced effects on DC. Cooperation between various cytokines might happen not only at the level of DC but also at the level of thyrocytes. DC, dendritic cells; TSH, thyrotropin. Freshly isolated cells were cultured for 4 days in the presence of 1 mU/ml TSH. At day 4, adherent cells were subjected to a 5-minute treatment by a 0.25% trypsin-0.5 mM EDTA solution and vigorously washed by fluid sprinkling over the cell layer. Untreated cells (total cell population) and adherent cells recovered after trypsin-EDTA treatment and fixed and processed for MHC class II immunolabeling. Nuclei were labeled using the Hoechst 33342 reagent. Hoechst-labeled nuclei and MHC class II-positive cells were counted on 40 microscope fields using the ϫ40 objective in 2 to 3 dishes. Values were used to determine the total number of cells (thyrocytes and DC) and the total number of DC per dish, knowing the area of the microscope field and the total number of fields per dish. Results represent the mean Ϯ SEM.
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Indeed, TGF␤ produced in response to TSH stimulation of thyrocytes might activate, via an autocrine loop, the production of GM-CSF by thyrocytes (Matsumura et al, 1999) . The same could apply for other factors participating in thyrocytes-DC interactions.
Thyroid-derived DC maintained in culture for up to 8 days, thanks to the presence of thyrocytes and TSH were classified as immature DC; they show both similarities and differences with immature DC from another origin. Like other immature DC, thyroidderived DC had a high endocytic activity, expressed the mannose receptor and MHC class II molecules, and remained adherent to the culture substratum. At variance with epidermal DC and DC generated from progenitors that maintain MHC class II molecules in intracellular compartments for peptide loading, immature DC coming from the thyroid gland expose MHC class II at the cell surface. Recent findings from Santambrogio et al (1999a Santambrogio et al ( , 1999b offer an explanation for this discrepancy. These authors found that splenic or bone marrow-derived DC in an immature state express empty MHC class II molecules at the cell surface. These membrane proteins would bind peptides processed by proteases outside the cells. This additional mechanism of antigen presentation to T cells without intracellular processing, consistent with the role of DC as sentinels, might be operational in the thyroid gland.
The maturational stage of thyroid-derived DC cultured in the absence of TSH was more difficult to define. Indeed, the intracellular location of MHC class II molecules would suggest an immature phenotype, whereas the lack of endocytic activity is a characteristic of mature DC. In the absence of TSH, thyroid-derived DC may simply be in the process of apoptosing and are therefore not of any known maturational stage.
Signaling between epithelial and dendritic cells might be bidirectional. It has indeed been reported that DC might exert a control on growth and functional activity of endocrine cells. In the pituitary gland, DC, known as folliculostellate cells, produce cytokines such as IFN␥ or IL-6 that inhibit ACTH and gonadotrophin release (Allaerts et al, 1994; Baes et al, 1987; Hoek et al, 1997) . Regulatory actions of DC on thyroid epithelial cells have also been described using DC extracted from rat spleen and rat thyrocytes in coculture (Simons et al, 1998) . DC via the production of IL-1␤ and IL-6 were found to substantially inhibit thyroid cell proliferation and to decrease, though to a lesser extent, thyroid hormone release.
The reciprocal interactions or crosstalk between DC and thyrocytes, although still little is known, might be of importance in the first stages of thyroid autoimmune processes. Until recently, it was admitted that the triggering factor of autoimmunity was the abnormal expression of MHC class II molecules by thyrocytes Hanafusa et al, 1983) . During the recent years, a new mechanism was proposed; it assigns a central role to antigen-presenting cells, especially DC. Autoimmunity could be primed by DC after their differentiation by certain cytokines (Drakesmith et al, 2000) . The first sign of the development of an autoimmune process is often the accumulation of DC within the gland, which is observed before the appearance of antibodies directed against thyroid autoantigens: thyroglobulin, thyroid peroxidase, or the TSH receptor, and before the appearance of autoreactive T lymphocytes. The intrathyroidal accumulation of DC has been found in different animal models: diabetes-prone BB-DP rats, nonobese diabetic NOD mice, and obese strain chicken (Hala et al, 1996; Many et al, 1995; Voorby et al, 1990) , and in patients with thyroid autoimmune diseases (Kabel et al, 1988) . Signals attracting or favoring the accumulation of DC within the thyroid gland could originate from thyrocytes (Mooij et al, 1994) . Our data suggest that the accumulation of DC could also result from in situ DC proliferation triggered by signals coming from thyrocytes.
In conclusion, thanks to the use of pig thyroid glands that are available and workable in much larger amounts than either human, mouse, or rat thyroids, we have generated data on intrathyroidal DC (in terms of preparation, culture, characterization, and functional activity) that should be helpful for the development of a smaller scale culture of thyroid-derived DC from human tissue and mouse or rat experimental models. Analyses of the immunological functions of thyroidderived DC with these culture systems will probably contribute to the definition of the role of intrathyroidal DC in the triggering and progression of autoimmunity.
Materials and Methods
Materials
Ham's F12 medium and RPMI 1640 medium without L-glutamine were obtained from Seromed (Biochrom KG, Berlin, Germany). Porcine trypsin was purchased from GibcoBRL (Paisley, United Kingdom). Bovine TSH (2 U/mg), F-Dx (MM: 40,000 Da), the mouse monoclonal anti-bovine S100␤ antibody, and goat anti-mouse IgG conjugated to peroxidase were obtained from Sigma Chemical (St. Louis, Missouri). The monoclonal antibody (15-2-2) directed against the human mannose receptor was a gift from Dr. D. C. Rijken, Gaubius laboratory, Leiden, The Netherlands. The anti-MHC class II antibody was a monoclonal anti-human HLA class II (DR) antibody obtained from Novocastra (Newcastle, United Kingdom). 5-bromo-2'deoxyuridine (BrdU) was obtained from Amersham (Buckinghamshire, United Kingdom). The monoclonal antibody directed against BrdU was purchased from ICN (Aurora, Ohio). Goat anti-mouse IgG, F(ab') 2 specific antibodies conjugated to either Texas Red or FITC were obtained from Jackson Immunoresearch (West Grove, Pennsylvania). The Hoechst 33342 reagent was purchased from Molecular Probes (Leiden, The Netherlands). Immobilon-P membranes were obtained from Millipore (Bedford, Massachusetts). The ECL kit was obtained from Covalab (Lyon, France). Recombinant human GM-CSF and recombinant human VEGF 165 were obtained from Tebu (Le Perray-en-Yvelines, France) and Oncogene Science (Cambridge, Massachusetts), respectively. Porcine TGF␤1 was from R & D Systems Europe (Oxford, United Kingdom).
Isolation and Coculture of Thyrocytes and DC
Thyrocytes and DC were isolated from pig thyroid glands by discontinuous trypsin treatment as previously reported (Croizet et al, 2000) . The resulting cell suspension contained thyrocytes and 2% to 3% of DC identified as MHC class II and S100-positive cells (Banchereau and Steinman, 1998; Caux et al, 1996; Steinman, 1991) . Cells were suspended in Ham's F12 medium supplemented with penicillin (100 U/ml), streptomycin (0.1 mg/ml), amphotericin B (0.25 g/ ml), and 5% calf serum and seeded in 60-mm culture dishes at a density of 0.5 ϫ 10 6 cells/cm 2 . TSH (1 mU/ml) was added or not to the culture medium from Day 0. After one day of culture, the medium was changed and replaced by the same, but serum-free, medium. Cells were maintained in culture for up to 8 days at 37°C in air/CO 2 (95/5%) atmosphere. Thyroid cells, cultured in the presence of TSH, were reorganized into histiotypic structures named reconstituted thyroid follicles. Thyrocytes cultured in the absence of TSH formed a cell monolayer.
Collection of Cells in Suspension
Freshly isolated cells (thyrocytes and dendritic cells) and cells present in culture media (floating cells) were pelleted by centrifugation at 400 ϫg for 10 minutes, resuspended in 100 to 300 l undiluted calf serum,
Figure 10.
Granulocyte/macrophage-colony stimulating factor (GM-CSF) and transforming growth factor-␤1 (TGF␤1) induce an increase in the number and endocytic activity of thyroid-derived DC. Freshly isolated cells (thyrocytes and DC) were cultured in the complete medium for 24 hours then in serum free medium alone or supplemented with either TSH, GM-CSF, vascular endothelial growth factor (VEGF), or TGF␤1 for 3 days. At Day 1 (t ϭ 0) and Day 4, cells were incubated with F-Dx for 3 hours at 37°C and then fixed and processed for MHC class II immunolabeling. MHC class II-positive cells (black columns) and F-Dx labeled cells (gray columns) were counted on 5 microscope fields per dish. Values were used to calculate the number of labeled cells per mm 2 . Columns and vertical bars are the mean and SEM of the values from 4 dishes.
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and spread on glass slides by cytocentrifugation at 50 ϫg for 10 minutes using a cytospin centrifuge from Shandon Elliott (Camberley, United Kingdom). Cells on glass slides were submitted to the same fixation and labeling protocols as those used for adherent cells.
Endocytosis of Fluorescent Ligands
Cells were incubated with F-Dx (1 mg/ml) for 3 hours at 37°C. At the end of the incubation period, culture media were collected and adherent cells were washed three times with cold Earle's medium, pH 7, and fixed for 30 minutes at room temperature in 4% paraformaldehyde in PBS for delayed quantitative fluorescence microscope analyses and subsequent immunodetection of MHC class II.
Immunolabeling Procedures
Cells were fixed either in 70% cold ethanol for 30 minutes at 4°C for mannose receptor immunodetection or in 4% paraformaldehyde in PBS for 30 minutes at room temperature for MHC class II and S100 immunolabelings. Paraformaldehyde fixed-cells were then permeabilized or not in 0.05% Tween 20 (S100 immunolabeling) or 0.5% saponin (MHC class II detection) in PBS for 30 minutes at room temperature. After a 1 hour-preincubation at room temperature in PBS containing 10 mg/ml BSA (PBS-BSA), cells were incubated with either the mouse anti-HLA class II (DR) (final dilution 1/200), the monoclonal antibody directed against the mannose receptor (1 g/ml), or the mouse anti-S100␤ (final dilution 1/500) for 1 hour at 37°C. After extensive washings, immune complexes were detected with goat anti-mouse IgG, F(ab') 2 , specific antibodies conjugated to either Texas Red or FITC. Nuclei staining was obtained by incubating cells with 2 g/ml Hoechst 33342 reagent for 15 minutes at room temperature.
Videomicroscope Fluorescence Image Processing and Quantitative Analyses
Fluorescence images, obtained with a Zeiss Axiophot fluorescence microscope equipped with the following filter combinations (excitation-emission): G 365 LP 420 for Hoechst, BP 615 LP 590 for Texas Red, and BP 450 -490 LP 520 for FITC, were monitored using a cooled CCD camera (Lhesa electronique, Cergy Pontoise, France). Images were transferred on a 80486 based IBM compatible personal computer equipped with a Cyclope imaging card (Digital Vision, Chatillon, France). Softwares were designed for image-noise reduction. In the case of double or triple labeling with fluorescein and/or Texas red and Hoechst reagent, fluorescence images corresponding to each fluorophore were recorded sequentially. Images, converted as TIFF files, were treated with Adobe Photoshop (Adobe Systems, Mountain View, California). Quantitative analyses of cells labeled by endocytosis of F-Dx or immunolabeled with a given antibody were performed on 10 or 20 microscope fields taken at random in each culture dish using the ϫ63 objective. Numbering of labeled cells and Hoechst-labeled nuclei (giving the total number of cells) in a given field was carried out by manual counting on a monitor screen. Values were used to calculate the average number of labeled cells per mm 2 and/or the proportion of labeled cells (in percent of total cells) in the culture dish. Measurements were made on duplicate or triplicate dishes.
SDS -PAGE and Western Blot
Thyroid cells were collected by scraping in PBS pH 7.4 containing EDTA (5 mM), PMSF (1 mM), and protease inhibitors: aprotinin, leupeptin, and pepstatin (each at a concentration of 1 g/ml) and were lysed by freezing-thawing. Cell homogenates were centrifuged at 100,000 ϫg for 30 minutes at 4°C to obtain membrane fractions. Proteins were assayed according to the Lowry method after solubilization in 0.1% deoxycholate. Protein samples (80 g) from membrane fractions were separated by SDS-PAGE on 6% acrylamide slab minigels and then transferred onto Immobilon-P membranes. Membranes were preincubated in 20 mM Tris-HCl, 0.15 M NaCl pH 7.4, containing 5 mM EDTA, 0.5% Tween 20, and 1 mg/ml BSA for 1 hour at room temperature and then incubated with the monoclonal anti-mannose receptor antibody (0.1 g/ml) for 2 hours at room temperature. Detection of immune complexes was performed using horseradish peroxidase-conjugated goat anti-mouse Ig antibodies. After 1 hour at room temperature, horseradish peroxidase activity was detected using an enhanced chemiluminescence detection procedure (ECL kit) and exposure to Kodak X-Omat AR film (Eastman Kodak, Rochester, New York)
Cell Proliferation Analysis
Cells undergoing division were detected by 5-bromo-2'deoxyuridine (BrdU) incorporation into DNA. Cells incubated for 6 hours in the presence of 3 g/ml BrdU in RPMI 1640 medium without L-glutamate, were fixed in 70% ethanol (precooled at Ϫ20°C) for 30 minutes at 4°C and subjected to a 10-minute treatment in 2N HCl at 37°C. After extensive washing in 0.1 M borate, pH 8.5, cells were incubated for 1 hour at room temperature with an anti-BrdU mouse monoclonal antibody. Immune complexes were visualized using the secondary antibody mentioned above.
Other Methods
For DNA assay, cells were scraped from the dishes in 100 mM Tris, 10 mM EDTA, and 3M NaCl, pH 7.4 and were lysed by sonication for 20 seconds at 25 watts using the vibra-cell apparatus (Bioblock Scientific, Illkirch, France). DNA assay was performed with the fluorometric method of Labarca and Paigen (1980) using the Hoechst 33258 reagent and calf thymus DNA as standard. Cell number was deduced from DNA measurements considering that 10 6 cells contain 10 g of DNA. 
